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(54) METHOD FOR MANUFACTURING QUANTUM DOT LIGHT-EMITTING DIODE

(57) The present application discloses a QLED man-
ufacturing method, which includes following steps of: pro-
viding a substrate provided with an electron transport lay-
er; depositing a solution on a surface of the electron trans-
port layer, standing until the electron transport layer is
infiltrated, and then performing a drying operation,
wherein the solution includes a main solvent and a solute
dissolved in the main solvent, a polarity of the solute is
greater than a polarity of the main solvent, and the solu-
tion is not able to dissolve the electron transport material
in the electron transport layer; preparing other film layers
on the electron transport layer processed by the mixed
solvent to prepare the QLED, such that the QLED at least
includes following structures: an anode and a cathode
arranged oppositely, a quantum dot light emitting layer
arranged between the anode and the cathode, and the
electron transport layer arranged between the quantum
dot light emitting layer and the cathode.
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Description

[0001] The present application claims priority of Chinese Patent Application No. 201811639626.1 filed with the Chinese
Patent Office on December 29, 2018 and entitled "QLED MANUFACTURING METHOD", the content of which is incor-
porated herein by reference in its entity.

TECHNICAL FIELD

[0002] The present application relates to the field of display technologies, and particularly relates to a QLED manu-
facturing method.

BACKGROUND

[0003] Quantum dots, also referred to as semiconductor nanocrystals, have three-dimensional dimensions in a na-
nometer range (from 1nm to 100nm), and are a kind of nanoparticle theory between bulk materials and molecules.
Quantum dots are provided with excellent optical properties such as high quantum yield, large molar extinction coefficient,
good light stability, narrow half-peak width, wide excitation spectrum and controllable emission spectrum etc., and are
very suitable for use as a luminescent material for light-emitting devices. In recent years, quantum dot fluorescent
materials have been widely used in the field of pad displays due to their advantages such as high light and color purity,
adjustable luminous colors, and long service life etc., thereby becoming an extremely promising next-generation display
and solid-state lighting source. QLED (Quantum Dot Light Emitting Diode) is a light emitting device on the condition that
the quantum dot material is used as the luminescent material, and it has become a strong competitor in the display
technologies of a next generation due to its advantages such as adjustable wavelength, narrow emission spectrum, high
stability, and high electroluminescence quantum yield, etc
[0004] However, the current QLED manufacturing methods still needs to be improved.

TECHNICAL PROBLEM

[0005] Inventors found that, a basic structure of the QLED device includes an anode and a cathode disposed oppositely,
and a quantum dot light emitting layer disposed between the anode and the cathode. In order to balance carrier transport
performance of the QLED device, a hole functional layer is introduced between the quantum dot light emitting layer and
the electrode. Generally, an electron transport layer is provided between the quantum dot light emitting layer and the
cathode. During manufacture of the QLED device, impurities will be introduced into the electron transport layer inevitably,
and the impurities will affect luminous efficiency and service life of the QLED. One objective of embodiments of the
present application is to provide a QLED manufacturing method, which aims to solve the problem that impurities in the
electron transport layer of the QLED affect the luminous efficiency and service life of the QLED.

TECHNICAL SOLUTIONS

[0006] In order to solve the above technical problem, technical solutions are adopted by embodiments of the present
application are as follows.
[0007] A first aspect, a QLED manufacturing method is provided, which includes following steps of:

providing a substrate provided with an electron transport layer, wherein the substrate provided with the electron
transport layer comprises: an anode substrate, a quantum dot light emitting layer provided on the anode substrate,
and the electron transport layer provided on a side of the quantum dot light emitting layer facing way from the anode
substrate;

depositing a solution on a surface of the electron transport layer, standing until the electron transport layer is infiltrated
by the solution, and then performing a drying operation, wherein the solution comprises a main solvent and a solute
dissolved in the main solvent, a polarity of the solute is greater than a polarity of the main solvent, and the solution
is not able to dissolve an electron transport material in the electron transport layer; or,

providing a substrate provided with an electron transport layer, wherein the substrate provided with the electron
transport layer includes a cathode substrate, and the electron transport layer provided on the cathode substrate;

depositing a solution on a surface of the electron transport layer, standing until the electron transport layer is infiltrated
by the solution, and then performing a drying operation, wherein the solution comprises a main solvent and a solute
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dissolved in the main solvent, a polarity of the solute is greater than a polarity of the main solvent, and the solution
is not able to dissolve an electron transport material in the electron transport layer.

[0008] In an embodiment, the main solvent is selected from one or more than two of a group comprising alkanes and
their derivatives with a carbon atom number less than 20 in a straight chain, cycloalkanes and their derivatives with a
carbon atom number less than 20, olefins and their derivatives with a carbon atom number less than 20 in a straight
chain, and esters and their derivatives with a carbon atom number less than 20 in a straight chain.
[0009] In an embodiment, the main solvent selected from alkanes and their derivatives with the carbon atom number
less than 20 in the straight chain is selected from one or more of n-hexane, n-heptane, 1-octane, 3-methylheptane and
1-chlorohexane;

the cycloalkane and their derivatives with the carbon atom number less than 20 are selected from one or more of
cyclohexane, 2-methylcyclohexane, cycloheptane and cyclohexylacetic acid;

the esters and their derivatives with the carbon atom number less than 20 in the straight chain are selected from
one or more of ethyl acetate, ethyl butyrate, and ethyl mandelate;

the olefins and their derivatives with the carbon atom number less than 20 in the straight chain are selected from
one or more of 3-hexene, 4-octene, 5-decene, 5-methyl-5-decene and 9-octadecenoic acid.

[0010] In an embodiment, the solute is selected from one or more than two of a group of mercaptans with a carbon
atom number less than 20 in a straight chain, organic acids with a carbon atom number less than 15 in a straight chain,
halogenated hydrocarbons with a carbon atom number less than 20 in a straight chain, amino acids and organic bases.
[0011] In an embodiment, the mercaptans with the carbon atom number less than 20 in the straight chain are selected
from one or more of butanethiol, pentanethiol, heptanethiol, octanethiol, and octadecanethiol;

the organic acids and their derivatives with the carbon atom number less than 15 in the straight chain are selected
from one or more of tetradecanoic acid, perfluorooctanoic acid, perchloro-decyl carboxylic acid and perfluorodo-
decanoic acid;

the halogenated hydrocarbons with the carbon atom number less than 20 in the straight chain are selected from
one or more of 1-fluoropropane, 1-chlorobutane, 1-chlorohexane and 3-fluorohexane.

the amino acids are selected from one or more of glycine, serine, cysteine, and isoleucine;

the organic bases are selected from one or more of ethanolamine, diethanolamine, triethanolamine, and tetrame-
thylammonium hydroxide.

[0012] In an embodiment, based on a total weight of the solution being 100%, a weight percentage of the solute is
from 0.0001% to 1 %.
[0013] In an embodiment, based on the total weight of the solution being 100%, the weight percentage of the solute
is from 0.0001% to 0.5%.
[0014] In an embodiment, the solution is deposited on the surface of the electron transport layer, and the standing is
performed under a condition where a temperature is from 10°C to 1860°C until the electron transport layer is infiltrated,
and then the drying operation is performed.
[0015] In an embodiment, the solution is deposited on the surface of the electron transport layer, and the standing is
performed until the electron transport layer is infiltrated, and then the drying operation is performed by vacuumizing.
[0016] In an embodiment, the vacuumizing is performed under a condition of a vacuum degree of 8 Pa-200 Pa.
[0017] In an embodiment, the solution is deposited on the surface of the electron transport layer, and the standing is
performed for 10 minutes to 100 minutes until the electron transport layer is infiltrated, and then the drying operation is
performed.
[0018] In an embodiment, the substrate provided with the electron transport layer comprises: the anode substrate, the
quantum dot light emitting layer provided on the anode substrate, and the electron transport layer disposed on the side
of the quantum dot light emitting layer facing away from the anode substrate.
[0019] In an embodiment, the method further comprises a step of preparing a hole functional layer on a surface of the
anode, wherein the hole functional layer comprises at least one of a hole injection layer, a hole transport layer and an
electron blocking layer.
[0020] In an embodiment, the substrate provided with the electron transport layer comprises: the cathode substrate,
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and the electron transport layer provided on the cathode substrate. At this time, the substrate provided with the electron
transport layer may be prepared by the following method: providing a substrate provided with a cathode, that is, a cathode
substrate, and preparing an electron transport layer on a surface of the cathode.
[0021] In an embodiment, before preparing the electron transport layer, at least one of an electron injection layer and
a hole blocking layer is prepared on a surface of the cathode.
[0022] The beneficial effect of the QLED manufacturing method provided by the embodiments of the present application
lies in that: the solution is deposited on the surface of the electron transport layer, wherein the solution includes the main
solvent and the solute dissolved in the main solvent, the polarity of the solute is less than or equal to the polarity of the
main solvent, and the solution is not able to dissolve the electron transport material in the electron transport layer. The
solution is infiltrated on the surface of the electron transport layer, the solute is adsorbed on the film surface of the
electron transport layer through the interface with two phases of solid and liquid, and the impurities remaining in the
electron transport layer are dissolved and removed by the subsequent heating operation, thereby improving the luminous
efficiency and service life of the QLED.

DESCRIPTION OF THE DRAWINGS

[0023] In order to more clearly illustrate the technical solutions in the embodiments of the present application, drawings
needed to be used in description for the embodiments or exemplary technologies will be briefly introduced below.
Obviously, the drawings in the following description are only some embodiments of the present application, and other
drawings may be obtained by those of ordinary skill in the art based on these drawings without creative work.
[0024] FIG. 1 is a flowchart of a QLED manufacturing method according to an embodiment of the present application.

DETAILED EMBODIMENTS

[0025] In order to make the objectives, technical solutions, and advantages of the present application more compre-
hensible, the present application is further described in detail below with reference to the accompanying drawings and
embodiments. It should be understood that the specific embodiments described herein are only used to explain the
present application, and are not aimed to limit the present application.
[0026] It should be noted that the terms "first" and "second" are only used for a descriptive purpose, and cannot be
understood as an indication or implication of relative importance or an implicit indication of the number of a specific
technical feature. Therefore, the features defined with "first" and "second" may explicitly or implicitly include one or more
of these features. In the description of the present application, "plurality" means two or more than two, unless otherwise
specifically defined.
[0027] In order to illustrate the technical solutions of the present application, the present application will be described
in detail below in conjunction with specific drawings and embodiments.
[0028] As shown in FIG. 1, some embodiments of the present application provide a QLED manufacturing method,
which includes following steps of:

at step S01, providing a substrate provided with an electron transport layer, here the substrate provided with the
electron transport layer includes an anode substrate, a quantum dot light emitting layer provided on the anode
substrate, and the electron transport layer provided on a side of the quantum dot light emitting layer facing away
from the anode substrate; or,

providing a substrate provided with an electron transport layer, here the substrate provided with the electron transport
layer includes a cathode substrate, and the electron transport layer provided on the cathode substrate;

at step S02, depositing a solution on a surface of the electron transport layer, standing until the electron transport
layer is infiltrated by the solution, and then performing a drying operation, here the solution includes a main solvent
and a solute dissolved in the main solvent, the a polarity of the solute is greater than a polarity of the main solvent,
and the solution does not dissolve an electron transport material in the electron transport layer;

at step S03, preparing other film layers on the electron transport layer treated with the mixed solvent to prepare a
QLED, such that the QLED at least include following structures: the anode and cathode oppositely arranged, the
quantum dot light emitting layer arranged between the anode and the cathode, and the electron transport layer
arranged between the quantum dot light emitting layer and the cathode.

[0029] In the QLED manufacturing method provided by this embodiment of the present application, the solution is
deposited on the surface of the electron transport layer, the solution includes the main solvent and the solute dissolved
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in the main solvent, the polarity of the solute is less than or equal to the polarity of the main solvent, and the solution
does not dissolve the electron transport material in the electron transport layer. The solution infiltrates the surface of the
electron transport layer, the solute is adsorbed on the film surface of the electron transport layer via an interface provided
with two phases of solid and liquid and dissolves impurities remaining in the electron transport layer, and the impurities
are removed by a subsequent heating operation thereby improving the luminous efficiency and service life of the QLED.
[0030] Specifically, in the above step S01 of providing the substrate provided with the electron transport layer, the
substrate of the electron transport layer includes two situations.
[0031] As an implementation, the substrate provided with the electron transport layer includes: the anode substrate,
the quantum dot light emitting layer provided on the anode substrate, and the electron transport layer provided on one
side of the quantum dot light emitting layer facing away from the anode substrate. At this time, the substrate provided
with the electron transport layer may be prepared by a following method: providing the substrate provided with the anode,
that is, the anode substrate, preparing the quantum dot light emitting layer on a surface of the anode, and preparing the
electron transport layer on the surface of the quantum dot light emitting layer.
[0032] Here, the anode substrate includes the substrate and the anode provided on the substrate. There is no strict
limitation on choice of the substrate, which may adopt a hard substrate such as a glass substrate, or a flexible substrate
such as a polyimide substrate and a polynorbornene substrate, but it is not limited thereto. In some embodiments, the
anode may be selected as ITO, but it is not limited thereto.
[0033] In some embodiments, a solution processing method is used to deposit a quantum dot solution on the anode
to prepare the quantum dot light emitting layer. In some embodiments of the present application, an inkjet printing method
is used to deposit quantum dot ink on the bottom electrode to prepare the quantum dot light emitting layer. In an
embodiment of the present application, the quantum dots in the quantum dot light emitting layer are conventional quantum
dots in the art. In some embodiments, the thickness of the quantum dot light emitting layer is from 20nm to 50nm.
[0034] In some embodiments, the solution processing method is used to prepare the electron transport layer on the
surface of the quantum dot light emitting layer. The material of the electron transport layer may be a conventional electron
transport material, including but not limited to n-type zinc oxide, and the thickness of the electron transport layer is from
10nm to -100nm.
[0035] On the basis of the foregoing embodiments, in order to obtain better device performance, other functional layers
may be introduced.
[0036] In some embodiments, a step of preparing a hole functional layer on a surface of the anode (the hole functional
layer is disposed between the anode and the quantum dot light emitting layer) is included. The hole functional layer
includes at least one of a hole injection layer, a hole transport layer, and an electron blocking layer. Among them, the
hole injection layer and the hole transport layer are configured to reduce difficulty in hole injection, and the electron
blocking layer is configured to block excess electrons, so that the excess electrons cannot reach the anode to form a
leakage current, thereby improving he current efficiency of the QLED. In some embodiments of the present application,
on the condition that the anode is disposed on the substrate to form the anode substrate, the method, before preparing
the quantum dot light emitting layer, further includes a step of: preparing the hole injection layer on a surface of the
anode of the substrate, and preparing the hole transport layer on a side of the hole injecting layer facing away from the
anode. Here, a material of the hole injection layer may be a conventional hole injection material, including but not limited
to PEDOT:PSS. A material of the hole transport layer may be a conventional hole transport material, including but not
limited to an organic material such as NPB, TFB, etc., and an inorganic material such as NiO, MoO3, etc., and a composite
thereof. The thickness of the hole transport layer is from 10nm to 100nm.
[0037] As another implementation, the substrate provided with the electron transport layer includes a cathode substrate,
and the electron transport layer provided on the cathode substrate. At this time, the substrate provided with the electron
transport layer may be prepared by a following method: providing a substrate provided with a cathode, that is, the cathode
substrate, and preparing the electron transport layer on a surface of the cathode.
[0038] Here, the cathode substrate includes the substrate and the cathode disposed on the substrate. The selection
of the substrate is as described above. In some embodiments, the cathode may be a metal electrode, including but not
limited to a silver electrode and an aluminum electrode. The thickness of the cathode is from 30nm to 120nm, and is
100 nm in some embodiments of the present application.
[0039] In some embodiments, the solution processing method is used to prepare the electron transport layer on the
surface of the cathode. The material and thickness of the electron transport layer are as described above.
[0040] On the basis of the foregoing embodiments, in order to obtain better device performance, other functional layers
may be introduced.
[0041] In some embodiments, before preparing the electron transport layer, at least one of the electron injection layer
and the hole blocking layer is prepared on a surface of the cathode. Among them, the electron injection layer and the
electron transport layer are configured to reduce difficulty in electron injection, and the hole blocking layer is configured
to block excess holes, so that the excess holes cannot reach the cathode to form a leakage current, thereby improving
the current efficiency of the QLED. In some embodiments of the present application, the method, before preparing the
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electron transport layer, further includes: preparing the electron injection layer on the surface. The material of the electron
injection layer may be a conventional electron hole injection material, including but not limited to LiF and CsF, and the
thickness of the electron transport layer is from 10nm to 100nm. The material of the electron transport layer may be a
conventional electron transport material, including but not limited to n-type zinc oxide, and the thickness of the electron
transport layer is from 10nm to 100nm.
[0042] In the above step S02, the solution is deposited on the surface of the electron transport layer, and it is standed
so that the solute in the solution is adsorbed on the film surface of the electron transport layer via the interface with two
phases of solid and liquid, and the impurities remaining in the electron transport layer are dissolved and then removed
by the subsequent heating operation, thereby improving the luminous efficiency and service life of the QLED.
[0043] In the embodiments of the present application, the solution does not dissolve the electron transport material in
the electron transport layer. Specifically, the solution includes the main solvent and the solute dissolved in the main
solvent, and the main solvent does not dissolve the electron transport material in the electron transport layer.
[0044] In some embodiments, the main solvent is selected from one or more than two of a group including alkanes
and their derivatives with a carbon atom number less than 20 in a straight chain, cycloalkanes and their derivatives with
a carbon atom number less than 20, olefins and their derivatives with a carbon atom number less than 20 in a straight
chain, and esters with a carbon atom number less than 20 in a straight chain. The above-mentioned solvent can provide
a mild liquid phase environment for second film formation of the functional layers, and is an excellent medium for improving
the functional layers.
[0045] In some embodiments, the main solvent selected from alkanes and their derivatives with the carbon atom
number less than 20 in the straight chain is selected from one or more of n-hexane, n-heptane, 1-octane, 3-methylheptane
and 1-chlorohexane. In some embodiments, the cycloalkane and their derivatives with the carbon atom number less
than 20 are selected from one or more of cyclohexane, 2-methylcyclohexane, cycloheptane and cyclohexylacetic acid.
In some embodiments, the esters and their derivatives with the carbon atom number less than 20 in the straight chain
are selected from one or more of ethyl acetate, ethyl butyrate, and ethyl mandelate. In some embodiments, the olefins
and their derivatives with the carbon atom number less than 20 in the straight chain are selected from one or more of
3-hexene, 4-octene, 5-decene, 5-methyl-5-decene and 9-octadecenoic acid. The above-mentioned solvents can provide
a mild liquid phase environment for the second film formation of the functional layers, and is an excellent medium for
improving the functional layers.
[0046] In the embodiments of the present application, the polarity of the solute is greater than the polarity of the main
solvent. The solute may provide certain solubleness for the electron transport material in the electron transport layer,
but it will not cause dissolution of the electron transport material in the electron transport layer after it is mixed with the
main solvent to form the solution.
[0047] In some embodiments, the solute is selected from one or more than two of a group of mercaptans with a carbon
atom number less than 20 in a straight chain, organic acids with a carbon atom number less than 15 in a straight chain,
halogenated hydrocarbons with a carbon atom number less than 20 in a straight chain, amino acids and organic bases.
The above-mentioned solutes have the effect of improving the film formation of the functional layers of the device and
improving the efficiency of the device.
[0048] In some embodiments, the mercaptans with the carbon atom number less than 20 in the straight chain are
selected from one or more of butanethiol, pentanethiol, heptanethiol, octanethiol, and octadecanethiol. In some embod-
iments, the organic acids with the carbon atom number less than 15 in the straight chain are selected from one or more
of perfluorooctanoic acid, perfluoro-decyl phosphonic acid, perchloro-decyl carboxylic acid and perfluorododecanoic
acid. In some embodiments, the halogenated hydrocarbons with the carbon atom number less than 20 in the straight
chain are selected from one or more of 1-fluoropropane, 1-chlorobutane, 1-chlorohexane and 3-fluorohexane. In some
embodiments, the amino acids are selected from one or more of glycine, serine, cysteine, and isoleucine. In some
embodiments, the organic bases are selected from one or more of ethanolamine, diethanolamine, triethanolamine, and
tetramethylammonium hydroxide. The above-mentioned solutes have the effect of improving the film formation of the
functional layers of the device and improving the efficiency of the device.
[0049] The solute in an embodiment of the present application is relatively small and does not exceed 1% of a total
weight of the solution, as such the formed overall solution has no effect on the electron transport material in the electron
transport layer. In some embodiments, based on the total weight of the solution being 100%, the weight percentage of
the solute is from 0.0001 to 1%. If the solution contains the solute with low polarity too much, then part of the electron
transport material in the electron transport layer maybe be dissolved, thereby affecting the function of the electron
transport layer. In some embodiments of the present application, based on the total weight of the solution being 100%,
the weight percentage of the solute is from 0.0001 to 0.5%.
[0050] In some embodiments, in the step of depositing the solution on the surface of the electron transport layer,
standing until the electron transport layer is infiltrated and then performing the drying operation, after the surface of the
electron transport layer is deposited with the solution, it is standed under a condition where a temperature is from 10°
to 60° C. This temperature range facilitates absorption of the solute on the surface of the electron transport layer via the
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interface with two phases of solid and liquid, and dissolution of impurities remaining in the electron transport layer, and
subsequent removal through heating operation. At the same time, this will not affect the materials of the electron transport
layer or other functional layers that have been formed.
[0051] In some embodiments, in the step of depositing the solution on the surface of the electron transport layer,
standing until the electron transport layer is infiltrated and then performing the drying operation, the components of the
solution are removed by a vacuuming process. In some embodiments of the present application, the vacuuming process
is performed under a condition where a vacuum degree is from 8Pa to 200Pa, so as to improve the luminous efficiency
of the QLED without affecting its service life. In some embodiments of the present application, the vacuuming process
is performed under a condition where a vacuum degree is from 8Pa to 100Pa.
[0052] In some embodiments, in the step of depositing the solution on the surface of the electron transport layer,
standing until the electron transport layer is infiltrated and then performing the drying operation, the heating and drying
are performed under a condition where a temperature is from 10° C to 180° C, so as to remove the deposited solution
as well as the impurities originally remaining in the electron transport layer and dissolved in the solution, especially the
remaining reagents.
[0053] In some embodiments, in the step of depositing the solution on the surface of the electron transport layer,
standing until the electron transport layer is infiltrated and then performing the drying operation, the standing time is
from 10 minutes to 100 minutes. During this time, the effect of removing the impurities in the electron transport layer
through solution infiltration is significant, and other properties of the QLED will not be affected due to the long time.
[0054] In the above step S03, other film layers are prepared on the electron transport layer processed with the mixed
solvents to prepare the QLED, such that the QLED at least includes the following structures: the anode and the cathode
that are arranged oppositely, the quantum dot light emitting layer arranged between the anode and the cathode, and
the electron transport layer arranged between the quantum dot light emitting layer and the cathode.
[0055] As an implementation, when the substrate provided with the electron transport layer includes the anode sub-
strate, the quantum dot light emitting layer provided on the anode substrate and the electron transport layer arranged
on a side of the quantum dot light emitting layer facing away from the anode substrate, the cathode is prepared on a
side of the electron transport layer facing away from the anode, and the selection of the cathode is as described above.
[0056] In some embodiments of the present application, before preparing the cathode, an electron injection layer is
prepared on the side of the electron transport layer facing away from the anode, and the selection of the electron injection
layer is as described above.
[0057] As another implementation, when the substrate provided with the electron transport layer includes the cathode
substrate and the electron transport layer provided on the cathode substrate, the quantum dot light emitting layer is
prepared on a side of the electron transport layer facing away from the cathode, and the anode is prepared on a surface
of the quantum dot light emitting layer facing away from the cathode. The selection of the quantum dot light emitting
layer and the anode are as described above.
[0058] In some embodiments, after the hole blocking layer is prepared on the side of the electron transport layer facing
away from the cathode, the quantum dot light emitting layer is prepared. The selection of the hole blocking layer is as
described above.
[0059] In some embodiments, after the hole functional layer is prepared on the surface of the quantum dot light emitting
layer facing away from the cathode, the anode is prepared. The selection of the hole functional layer is as described above.
[0060] The description will be given below in conjunction with specific embodiments.

First Embodiment

[0061] A QLED manufacturing method, may include the following steps of:

providing a glass substrate provided with an anode (ITO), preparing a hole injection layer (PEDOT:PSS) on the
anode, preparing a hole transport layer (TFB) on a side of the hole injection layer facing away from the anode,
preparing a quantum dot light emitting layer (CdSe/ZnS QDs) on a side of the hole transport layer facing away from
the anode, and preparing an electron transport layer (ZnO) on a side of the quantum dot light emitting layer facing
away from the anode;

depositing a heptane solution with a poly-1-butanethiol content of 100 ppm and a triethanolamine content of 1000
ppm on a surface of the electron transport layer, and then vacuumizing after it is standed at a room temperature for
20 minutes to remove residual solution components;

preparing an electron injection layer (LiF) on the surface of the electron transport layer facing away from the anode,
and preparing an aluminum cathode on a surface of the electron injection layer facing away from the anode.
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Second Embodiment

[0062] A QLED manufacturing method differs from the first embodiment in that: a heptane solution with a poly-1-
butanethiol content of 500 ppm and a triethanolamine content of 5000 ppm is deposited on the surface of the electron
transport layer, and vacuumizing is performed after it is standed at the room temperature for 20 minutes to remove
residual solution components.

First Comparative Example

[0063] A QLED manufacturing method differs from the first embodiment in that: n-heptanes are deposited on the
surface of the electron transport layer, and vacuumizing is performed after it is standed at the room temperature for 20
minutes to remove the residual solution components.

Second Comparative Example

[0064] A QLED manufacturing method differs from the first embodiment in that: the electron injection layer (LiF) is
directly prepared on the surface of the prepared electron transport layer facing away from the anode, and the aluminum
cathode is prepared on the surface of the electron injection layer facing away from the anode. That is, the step of
"depositing a heptane solution with a poly-1-butanethiol content of 100 ppm and a triethanolamine content of 1000 ppm
on the surface of the electron transport layer, and then vacuumizing after it is standed at a room temperature for 20
minutes to remove residual solution components" is not performed.
[0065] The changes of external quantum efficiency (%) of the QLEDs prepared in first and second embodiments and
first and second comparative examples are tested after they are powered on and cured, and the results are shown in
Table 1 below.

[0066] It can be seen from the above Table 1 that, after the heptane solution with a certain amount of poly-1-butanethiol
and triethanolamine is deposited on the surface of the electron transport layer, and vacuumizing and drying are performed,
the external quantum efficiency of the QLED can be improved to a certain extent.

Third Embodiment

[0067] A QLED manufacturing method includes the following steps of:

providing a glass substrate provided with an anode (ITO), preparing a hole injection layer (PEDOT:PSS) on the
anode, preparing a hole transport layer (TFB) on a side of the hole injection layer facing away from the anode,
preparing a quantum dot light emitting layer (CdSe/ZnS QDs) on a side of the hole transport layer facing away from
the anode, and preparing an electron transport layer (ZnO) on a side of the quantum dot light emitting layer facing
away from the anode;

depositing a hexane solution with a poly-1-butanethiol content of 100 ppm and a triethanolamine content of 1000
ppm on a surface of the electron transport layer, and vacuumizing under a condition of a vacuum degree of 8 Pa
after it is standed for 20 minutes at a room temperature to remove residual solution components;

[0068] Preparing an electron injection layer (LiF) on the surface of the electron transport layer facing away from the
anode, and preparing an aluminum cathode on a surface of the electron injection layer facing away from the anode.

Table 1

external quantum 
efficiency (%)

solution composition 
1 m1-Butanethiol

solution composition 2 
mTriethanolamine

after 1 
day

after 2 
days

after 3 
days

after 4 
days

first embodiment 100 ppm 1000 ppm 2.4 4.2 5.6 6.5

second embodiment 500 ppm 5000 ppm 2.8 4.9 6.0 6.7

first comparative 
example

0 ppm 0 ppm 3.1 4.0 4.5 4.5

first comparative 
example

- - 3.0 4.7 5.9 5.5
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Fourth Embodiment

[0069] A QLED manufacturing method differs from the third embodiment in that: the hexane solution with a poly-1-
butanethiol content of 100 ppm and a triethanolamine content of 1000 ppm is deposited on the surface of the electron
transport layer, and vacuumizing is performed under a condition of a vacuum degree of 40 Pa after it is standed for 20
minutes at a room temperature to remove the residual solution components.

Fifth Embodiment

[0070] A QLED manufacturing method differs from the third embodiment in that: the hexane solution with a poly-1-
butanethiol content of 100 ppm and a triethanolamine content of 1000 ppm is deposited on the surface of the electron
transport layer, and vacuumizing is performed under a condition of a vacuum degree of 200 Pa after it is standed for 20
minutes at a room temperature to remove the residual solution components.
[0071] The service life (T50@100nits∼hrs) of the QLEDs manufactured in the third, fourth and fifth embodiments and
the first and second comparative examples were tested respectively, and the results are shown in Table 2 below.

[0072] It can be seen from the above Table 2 that when the solvent is removed by vacuumizing under a certain
condition, the service life of the QLED can be improved.
[0073] The above description has only described optional embodiments of the present application, and is not used to
limit the present application. For those skilled in the art, the present application may be provided with various modifications
and changes. Any modification, equivalent replacement, and improvement, etc. made within the spirit and principle of
the present application shall be included in the scope of the claims of the present application.

Claims

1. A QLED manufacturing method, characterized in that, the method comprises following steps of:

providing a substrate provided with an electron transport layer, wherein the substrate provided with the electron
transport layer comprises: an anode substrate, a quantum dot light emitting layer provided on the anode sub-
strate, and the electron transport layer provided on a side of the quantum dot light emitting layer facing way
from the anode substrate;
depositing a solution on a surface of the electron transport layer, standing until the electron transport layer is
infiltrated by the solution, and then performing a drying operation, wherein the solution comprises a main solvent
and a solute dissolved in the main solvent, a polarity of the solute is greater than a polarity of the main solvent,
and the solution is not able to dissolve an electron transport material in the electron transport layer; or,
providing a substrate provided with an electron transport layer, wherein the substrate provided with the electron
transport layer comprises a cathode substrate, and the electron transport layer provided on the cathode sub-
strate;
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depositing a solution on a surface of the electron transport layer, standing until the electron transport layer is
infiltrated by the solution, and then performing a drying operation, wherein the solution comprises a main solvent
and a solute dissolved in the main solvent, a polarity of the solute is greater than a polarity of the main solvent,
and the solution is not able to dissolve an electron transport material in the electron transport layer.

2. The QLED manufacturing method according to claim 1, characterized in that, the main solvent is selected from
one or more than two of a group comprising alkanes and their derivatives with a carbon atom number less than 20
in a straight chain, cycloalkanes and their derivatives with a carbon atom number less than 20, olefins and their
derivatives with a carbon atom number less than 20 in a straight chain, and esters and their derivatives with a carbon
atom number less than 20 in a straight chain.

3. The QLED manufacturing method according to claim 2, characterized in that, the main solvent selected from
alkanes and their derivatives with the carbon atom number less than 20 in the straight chain is selected from one
or more of n-hexane, n-heptane, 1-octane, 3-methylheptane and 1-chlorohexane.

4. The QLED manufacturing method according to claim 2, characterized in that, the cycloalkane and their derivatives
with the carbon atom number less than 20 are selected from one or more of cyclohexane, 2-methylcyclohexane,
cycloheptane and cyclohexylacetic acid.

5. The QLED manufacturing method according to claim 2, characterized in that, the esters and their derivatives with
the carbon atom number less than 20 in the straight chain are selected from one or more of ethyl acetate, ethyl
butyrate, and ethyl mandelate.

6. The QLED manufacturing method according to claim 2, characterized in that, the olefins and their derivatives with
the carbon atom number less than 20 in the straight chain are selected from one or more of 3-hexene, 4-octene, 5-
decene, 5-methyl-5-decene and 9-octadecenoic acid.

7. The QLED manufacturing method according to claim 1, characterized in that, the solute is selected from one or
more than two of a group of mercaptans with a carbon atom number less than 20 in a straight chain, organic acids
with a carbon atom number less than 15 in a straight chain, halogenated hydrocarbons with a carbon atom number
less than 20 in a straight chain, amino acids and organic bases.

8. The QLED manufacturing method according to claim 7, characterized in that, the mercaptans with the carbon
atom number less than 20 in the straight chain are selected from one or more of butanethiol, pentanethiol, hepta-
nethiol, octanethiol, and octadecanethiol.

9. The QLED manufacturing method according to claim 7, characterized in that, the organic acids and their derivatives
with the carbon atom number less than 15 in the straight chain are selected from one or more of tetradecanoic acid,
perfluorooctanoic acid, perchloro-decyl carboxylic acid and perfluorododecanoic acid.

10. The QLED manufacturing method according to claim 7, characterized in that, the halogenated hydrocarbons with
the carbon atom number less than 20 in the straight chain are selected from one or more of 1-fluoropropane, 1-
chlorobutane, 1-chlorohexane and 3-fluorohexane.

11. The QLED manufacturing method according to claim 7, characterized in that, the amino acids are selected from
one or more of glycine, serine, cysteine, and isoleucine.

12. The QLED manufacturing method according to claim 7, characterized in that, the organic bases are selected from
one or more of ethanolamine, diethanolamine, triethanolamine, and tetramethylammonium hydroxide.

13. The QLED manufacturing method according to any of claims 1-8, characterized in that, based on a total weight
of the solution being 100%, a weight percentage of the solute is from 0.0001% to 1 %.

14. The QLED manufacturing method according to claim 13, characterized in that, based on the total weight of the
solution being 100%, the weight percentage of the solute is from 0.0001% to 0.5%.

15. The QLED manufacturing method according to any of claims 1-8, characterized in that, the solution is deposited
on the surface of the electron transport layer, and the standing is performed under a condition where a temperature
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is from 10°C to 1860°C until the electron transport layer is infiltrated, and then the drying operation is performed.

16. The QLED manufacturing method according to any of claims 1-8, characterized in that, the solution is deposited
on the surface of the electron transport layer, and the standing is performed until the electron transport layer is
infiltrated, and then the drying operation is performed by vacuumizing.

17. The QLED manufacturing method according to claim 16, characterized in that, the vacuumizing is performed under
a condition of a vacuum degree of 8 Pa-200 Pa.

18. The QLED manufacturing method according to any of claims 1-8, characterized in that, the solution is deposited
on the surface of the electron transport layer, and the standing is performed for 10 minutes to 100 minutes until the
electron transport layer is infiltrated, and then the drying operation is performed.

19. The QLED manufacturing method according to any of claims 1-8, characterized in that, the substrate provided
with the electron transport layer comprises: the anode substrate, the quantum dot light emitting layer provided on
the anode substrate, and the electron transport layer disposed on the side of the quantum dot light emitting layer
facing away from the anode substrate.

20. The QLED manufacturing method according to claim 19, characterized in that, the method further comprises a
step of preparing a hole functional layer on a surface of the anode, wherein the hole functional layer comprises at
least one of a hole injection layer, a hole transport layer and an electron blocking layer.

21. The QLED manufacturing method according to any of claims 1-8, characterized in that, the substrate provided
with the electron transport layer comprises: the cathode substrate, and the electron transport layer provided on the
cathode substrate.

22. The QLED manufacturing method according to claim 21, characterized in that, before preparing the electron
transport layer, at least one of an electron injection layer and a hole blocking layer is prepared on a surface of the
cathode.
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